To evaluate the changes in subfoveal retinal, and choroidal thicknesses (CT) in the non-treated acute and the ranibizumab-treated chronic central serous chorioretinopathy (CSCR) patients.
Introduction
Central serous chorioretinopathy (CSCR) is characterized by idiopathic serous retinal detachment in the posterior pole associated with 1 or more leaks from the retinal pigment epithelium. [1] Although there have been many theories concerning the pathogenesis of CSCR, Gass [2] proposed that CSCR was the consequence of choroidal vascular hyperpermeability. This hypothesis was confirmed by recent studies, which found evidence of hyperpermeability from the choriocapillaris on Indocyanine green (ICG) angiography. [1, [3] [4] [5] If there is sufficient hydrostatic pressure from the choroidal vasculature causing leakage from RPE and serous retinal detachment, 1 may expect that the choroid would be thickened as well. [6, 7] Choroidal thickening can result from focal or diffuse dilatation of large choroidal vessels. [8] However, there are reports of dilated choroidal vessels with normal subfoveal choroidal thickness (SFCT) in resolved CSCR. [9] CSCR can occur in an acute or chronic form. Although acute episodes resolve spontaneously, 20% to 50% of the affected eyes may later present with either 1 or more recurrences. [10, 11] Yet, little is known about the underlying mechanisms triggering the recurrences and leading to chronic forms of the disease. Many authors accept that the disease is chronic if symptoms last longer than 3 months, whereas this period is more than 6 months for others. [12] In this study, we compared changes in subfoveal retinal, and choroidal thickness (CT), using Enhanced depth imaging optical coherence tomography (EDI-OCT) between non-treated acute and ranibizumab-treated chronic CSCR patients. Our aim was to reveal the anatomical and functional differences in the CT at the beginning and after the resolution of subretinal fluid (SRF) in both of the acute and chronic forms of the disease.
Methods
In this study, the medical records of patients with acute or chronic CSCR from March 2011 to December 2015 were reviewed. A total of 32 eyes of 32 consecutive patients with CSCR were included. There were 12 patients who presented with a spontaneous resolution of CSCR (Group-1) and 20 patients who were treated with ranibizumab for persistent SRF of >3 months' duration (Group-2). The research was approved by the Institutional Review Board. All participants gave written informed consent before their participation. The study was conducted in adherence to the tenets of the Declaration of Helsinki.
Patients with a history of any retino-choroidal diseases and vitreoretinal interventions, such as laser photocoagulation, intravitreal injection, or vitreoretinal surgery, previous systemic or chronic disease or conditions (such as diabetes mellitus or systemic hypertension) in 1 or both eyes, an axial length >24 ± 1.0 mm, a refractive measurement exceeding 2.0 diopters, and medications altering the choroidal vasculature, including corticosteroid and sildenafil, were excluded.
At the initial visit, all patients were examined using slit lamp biomicroscopy, fluorescein angiography, and OCT. Best-corrected visual acuity (BCVA) measurement with Snellen chart and EDI-OCT (OCT Advance Nidek RS-3000; Nidek Co. Ltd., Gamagori, Japan) were performed at each visit. BCVA was converted into log MAR (logarithm of minimal angle of resolution) scale for the analysis.
In the first 2 months, patients were followed up monthly for 2 months. Then, patients with an evident decrease in SRF were followed up monthly until complete recovery. In patients with persistent or increasing SRF after 3 months of observation, ranibizumab was administered to facilitate SRF resolution.
Intravitreal ranibizumab injection was performed in an operating room under sterile conditions. CT was measured using EDI-OCT (OCT Advance Nidek RS-3000; Nidek Co. Ltd). All patients underwent EDI-OCT scanning. A single physician (EY) manually drew choroidal and scleral boundaries with the assistance of software program. These boundaries limited the Bruch membrane between the subfoveal points (SFCT) to 500 and 1500 mm in the nasal (N500, N1500) and 500 and 1500 mm in the temporal regions (T500, T1500) for measurement. Followup examinations were conducted on day 1, week 1, and monthly thereafter. Data related to baseline (SFCT 0 , N500 0 , N1500 0 , T500 0 , T1500 0 ) and final visits (SFCT 1 , N500 1 , N1500 1 
Results
The study included 32 eyes of 32 patients. There were 4 female and 28 male patients. The mean patient age was 38.94 ± 8.41 years. Twelve patients (12 eyes) had acute CSCR, with a mean age of 39.90 ± 9.4 years (range, 20-53) and 20 patients (20 eyes) had chronic CSCR with a mean age of 37.33 ± 9.7 years (range, 29-46). The groups did not differ significantly with respect to age (P = .40).
The mean duration of follow-up was 21.6 ± 8.2 months in the chronic CSCR group. The number of ranibizumab injections in the chronic group was 3.2 ± 1.8 (range, 1-6). The mean baseline decimal visual acuity was 0.70 (0.17 logMAR) for eyes with acute CSCR and 0.48 (0.31 logMAR) for those with chronic CSCR.
Descriptive clinical values of the chronic CSCR patients are shown in Table 1 .
In Group-1, visual acuity improved and central foveal thickness (FT) decreased significantly after spontaneous resolution (Table 2) . Choroidal thinning was observed at all measured points, but a significant difference was found only at N1500 (Table 2 and Fig. 1 ).
In Group-2, there was also a significant increase in visual acuity and a significant decrease in central FT (Table 3) . CT was decreased at all measured areas compared to baseline values, following treatment. The decrease in CT was statistically significant at all points except T500 (Table 3 and Fig. 2 ).
When we compared the baseline and the final values of the 2 groups, no significant difference was found in central FT between the groups, either at baseline or final examination (P = .13 and P = .50, respectively). The mean baseline BCVA was significantly better in Group-1 (P = .02), whereas there was no significant .01 * CSCR = central serous chorioretinopathy, FT = foveal thickness, N1500 = choroidal thickness at nasal 1500 mm, N500 = choroidal thickness at nasal 500 mm, SFCT = subfoveal choroidal thickness, T1500 = choroidal thickness at temporal 1500 mm, T500 = choroidal thickness at temporal 500 mm, VA = best corrected visual acuity. *
The p value was significant. Table 2 Descriptive clinical values of the chronic CSCR patients. difference between the groups in the final BCVA (P = .96).
Compared with Group-1, baseline SFCT was significantly higher in Group-2 (P = .01). After the ranibizumab treatment, baseline SFCT was decreased and no significant difference was detected in final SFCT values (P = -.06). There was a significant difference in baseline and final CT at T500 between the groups (P < .05). At N500 and N1500, the difference was significant only for the final CT values (P < .05). No significant differences were found at T1500 either at baseline or final (all P > .05) (Figs. 3 and 4) . We did not observe any serious injection/drug-related complications in the ranibizumab-treated chronic CSCR group during the follow-up period.
Discussion
The pathogenesis of CSCR is related to abnormal choroidal circulation. Gass suggested that increased permeability of the choriocapillaris may result in subretinal serous detachment. [2] The condition is usually self-limiting with spontaneous resolution within 3 to 4 months and overall good visual outcome. [1, 13, 14] However, recurrences could be seen in up to 50% of patients within the first year. [15, 23] Several treatments, including laser photocoagulation, photodynamic therapy (PDT), intravitreal anti-vascular endothelial growth factor (VEGF) drugs, systemic carbonic anhydrase inhibitors (CAIs), aspirin, and so on have been used to treat chronic CSCR. [1] In our study, we evaluated non-treated acute and ranibizumabtreated chronic CSCR patients and compared the results of both groups. Intravitreal ranibizumab was found to be effective in Table 3 The comparison of the baseline and final clinical characteristics of the ranibizumab-treated chronic CSCR group. .02 * CSCR = central serous chorioretinopathy, FT = foveal thickness, N1500 = choroidal thickness at nasal 1500 mm, N500 = choroidal thickness at nasal 500 mm, SFCT = subfoveal choroidal thickness, T1500 = choroidal thickness at temporal 1500 mm, T500 = choroidal thickness at temporal 500 mm, VA = best corrected visual acuity. The data are given as mean ± standard deviation. *
The P value was significant. chronic cases and showed similar results to those in patients with spontaneously resolved acute CSCR. Finally, the foveal retinal thickness significantly decreased, and BCVA significantly increased in both of the groups. CSCR is located in the pachychoroid disease spectrum (PDS) including pachychoroid pigment epitheliopathy, focal choroidal excavation, pachychoroid neovasculopathy, and polypoidal choroidal vasculopathy. PDS is characterized by focal or generalized thickening in different parts of the choroid (in Haller layer). [16] Recently, a new entity named "Peripapillary pachychoroid syndrome," was described as a distinct variant of PDS which is characterized by peripapillary choroidal thickening with nasal macular intraretinal and/or SRF. [16] On the other hand, CSCR itself has different presentations including acute, chronic, recurrent, and rarely bullous phenotypes. [17, 18] On the basis of the literature about the variations in CSCR, we measured the CT at 5 separate points on the macula (SFCT, T500, T1500, N500, and N1500) in order to evaluate the relationship between the anatomical localization of the "pachy = thick choroid" and the phenotype of CSCR. The baseline and final CTs were compared between the spontaneously resolved acute CSCR group and the ranibizumab-treated chronic CSCR group. The baseline and final CT values were also compared within each group.
In the acute CSCR group, CT decreased at all measured points, but the difference was significant only at N1500. In a retrospective study by Unlu et al including 37 patients with acute CSCR, SFCT changes were assessed after the bevacizumab therapy. SFCT decreased in both of the treatment and the control groups with remission of the disease. However, the decrease was significantly greater in the control group. In acute CSCR, intravitreal bevacizumab injection was not superior to observation. [19] In our study, acute CSCR cases were observed without any treatment. Although not statistically significant, a decrease in SFCT was observed, similar to the literature by Unlu et al Besides, in our study, changes in CT at neighboring points were analyzed and a significant reduction was found at N1500.
In another study, evaluating the efficacy of oral spironolactone in patients with acute CSCR, central macular thickness and SRF significantly decreased in both of the treatment and the control groups. SRF resorption was reported to be faster in the spironolactone group. There was no significant difference between the 2 groups in SFCT at baseline or final visit. During the follow-up, SFCT decreased in both of the groups, but the decrease was not significant in the control group as it was in the non-treated acute CSCR group in our study. [20] In a recent study by Kim et al, 76 CSCR patients who had decreased vision lasting for more than 3 months were evaluated. [21] Forty-two received bevacizumab treatment, and 34 had photodynamic therapy. SFCT was measured in the study groups and was compared with baseline values. The authors concluded more than 1 interesting data:
(1) SFCT decreased after complete resolution, (2) decrease in CT was not significant between the groups, (3) recurrence was more in bevacizumab group, and (4) there was a negative correlation between the amount of reduction in CT and recurrences.
Both treatments were found to be effective in patients with chronic CSCR. [21] In our study, we found a significant decrease in SFCT after ranibizumab treatment for chronic CSCR, similar to the results of Kim et al. Moreover, in patients with chronic CSCR, CT decreased significantly after ranibizumab treatment at all selected points, except at T500, in our study. Similar to our results with ranibizumab, a significant reduction was reported in SFCT of patients with chronic CSCR after photodynamic therapy. [22] When we compared the baseline data between the 2 groups, CT at T500 was significantly higher in the chronic group. Moreover, the baseline subfoveal choroid was significantly thicker in chronic CSCR (281.2 mm vs 211.9 mm, P = .01), in accordance with the Kim et al. [21] The difference in SFCT decreased after the resolution of SRF (221.9 mm vs 181.1 mm, P = .06). But, although not statistically significant, the final SFCT was still higher in the chronic CSCR group than the acute group. The final CT was also significantly thicker at T500, N500, and N1500 in the chronic CSCR group than the acute group. We may suggest that higher baseline SFCT levels may indicate a worse prognosis about chronicity and recurrences. Supporting our findings SFCT was reported as the most important risk factor for chronic CSCR. [23] In a retrospective study by Ambiya et al, 38 eyes of 33 patients with CSCR were followed-up for 12 months. [24] It was reported that the eyes with SFCT of more than 356 mm were more likely to be chronic and require treatment rather than observation. SFCT was also suggested to be a predictive value for the treatment of chronic CSCR. [24] Similarly, Hamzah et al studied both chronic and acute CSCR cases and reported that baseline SFCT were thicker in the patients with chronic CSCR. [7] Additionally, we may say that although the SRF resolves and CT significantly decreases with the ranibizumab treatment, chronic CSCR patients may have a higher CT level than the acute group, significantly at the nasal macula, and at T500. Chronic CSCR was suggested to be associated with a more extensive RPE damage than the acute CSCR causing choroidal thickening through the accumulation of fluid. This may be 1 of the reasons for a thicker choroid in chronic CSCR. [7] In the ranibizumab-treated chronic group, reduction in the CT was more prominent than in the acute group. Although it is not possible to explain the precise reason in our study design, we may suggest that ranibizumab might have been beneficial for the recovery of the thickened choroid, when we consider that baseline CT values were significantly higher in the chronic group than in the acute group, especially in the subfoveal region. We think that further prospective studies with larger sample size are required to draw a definitive conclusion.
The limitations of our study were its retrospective nature, small sample size and manual measurement of the CTs. On the other hand, we could not include ICG angiography in our study. ICG angiography demonstrated multiple areas of choroidal vascular hyperpermeability, vascular congestion, and venous dilation in CSCR patients. These findings suggested a generalized choroidal vascular disturbance in the pathophysiology. [6, 25, 26] Along with the abnormal findings of ICG angiography, recently developed enhanced depth-OCT showed that the SFCT of eyes with CSCR was higher than that of age-matched normal subjects. [6] We believe that to measure the CT regarding the ICG angiography findings may provide more valuable results, in further studies.
Conclusions
The findings of this present study revealed that the foveal retinal thickness significantly decreased, and BCVA significantly increased in both of the acute CSCR and ranibizumab-treated chronic CSCR groups. Chronic CSCR was associated with higher baseline CT values in the subfoveal region and at T500. Although Yumusak et al. Medicine (2018) 
Medicine the CT significantly decreased with the ranibizumab treatment, the final CT may be still higher than the acute group at some points. The baseline subfoveal and temporal CT may have a predictive value for chronicity. We hope that future studies will help us to understand the role of the choroid in the pathogenesis and follow-up of patients with acute and chronic CSCR and take these data a step further. 
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